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http://dx.doi.org/10.1016/j.jmu.2013Background: Ultrasound Doppler studies have long been used for quantifying blood flow veloc-
ity, and microbubble contrast agents can be used to amplify the Doppler signal. However, the
highly nonlinear response of the bubbles to ultrasound can affect measurement accuracy and
this has limited their application. Reliable quantitative imaging protocols, however, require
the relationship between the response of the microbubble population and the received ultra-
sound signal to be fully characterized. The complexity of this relationship currently poses a sig-
nificant barrier to the development of clinically useful techniques.
Materials and methods: The experiment was focused at evaluating the attenuation and the
backscatter caused by bubbles under varying physiological conditions. Theoretical modeling
of the bubble motion was performed for a shelled bubble surrounded by blood cells and then
attenuation and the backscatter coefficient (BSC) were calculated theoretically under
different conditions. The experiment was divided into the following three parts: variation of
temperature, variation of hematocrit, and variation of vessel diameter. In all three parts,
attenuation and backscatter caused by lipid bubbles in blood and water were calculated. A
3.5-MHz focused transducer having a focal length of 0.02 m (0.83 in) was used in the experi-
ments. The hydrophone used was a needle hydrophone having a probe of 40 mm. The bubbles
used were coated with a lipid shell (Avanti Polar Lipids) and had a concentration of about 107
microbubbles/mL.
Results: Attenuation in the sample with blood and bubbles increases from 5 (0.33) at room
temperature to 9.45 (0.38) at 37C. For the sample containing blood and bubbles, the BSC
increases from 9  1019 m1/sr (4.6  1018) at room temperature to 5.3  1018 m1/sr
(3.6  1017) at 37C and 5.2  1016 m1/sr (3.78  1018) at 40 C. An increase in atten-
uation is observed as the hematocrit level is increased; however, the experimental values of
the BSC do not change much with change in the hematocrit level. Highest attenuation is seeneclares no conflicts of interest.
ail.com.
C and the Chinese Taipei Society of Ultrasound in Medicine.
.10.009
Open access under CC BY-NC-ND license.
10 I. Guptain the 200-mm vessel of nearly 35 dB/cm (5) in a sample containing blood and bubbles. The
backscatter for the sample containing blood and bubbles increases from 2.5  1019 m1/sr
(2.8  1020) in the 200-mm vessel to 5.07  1017 m1/sr (3.9  1018) in the 4-mm vessel.
Conclusion: It has been re-established that as temperature increases from room temperature
to body temperature, considerable signal is lost and attenuation and backscatter increase with
temperature. Blood cells surrounding the bubbles do alter the attenuation; however, they do
not have any effect on the backscatter by the bubbles. This result is different from previous
studies, and therefore, more work must be done to validate these results in a more sophisti-
cated experimental setup. Confinement of bubbles inside small vessels affects both attenua-
tion and backscatter. Hence, while designing experiments, care must be taken about
choosing the vessels in the body through which the bubble will travel and the parameters must
be measured accordingly.
ª 2013, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Open access under CC BY-NC-ND license.Introduction
What is an ultrasound contrast agent?
Ultrasound contrast agents (UCAs) or contrast agent parti-
cles have gained a lot of interest lately in the field of
diagnosis in terms of ultrasound imaging and in therapy in
terms of drug delivery. They are usually a shell-
encapsulated bubble, having a very low solubility that
helps them to reach the heart ventricle without significant
loss. The UCAs were discovered in the late 1960s [1] and
have served as the focus of many investigations, and
several models have been developed to describe their
behavior [2]. The main use of UCAs is in ultrasound imaging
because they increase the backscatter as compared with
blood and other body tissues. This means that they change
the dark and gray areas in black and white imaging into a
brighter tone [3]. At typical pressures, the bubbles oscillate
at subharmonics and harmonics of the insonation fre-
quency. This allows for differentiation of the blood vessels
carrying UCAs from the surrounding tissue [4].
In drug delivery and gene therapy, microbubbles are
being investigated as vehicles for carrying drugs to the
target site using diagnostic ultrasound. They are then made
to collapse with high-intensity ultrasound to release the
drug locally. This is helpful because it prevents the side
effects of systemic administration such as toxic chemo-
therapy [4]. It has moreover been shown that the micro-
bubble motion increases the cell membrane and
endothelium permeability, which thereby enhances thera-
peutic uptake of the drug. It also helps to transport the
drug across blood clots and tumors, which are otherwise
inaccessible [4].
Although microbubbles can damage healthy tissues due
to cavitation, many studies have concluded that benefits of
UCA outweigh the potential risks [5,6].Injection of bubbles
Injections of bubbles into the body must be carried out
carefully, because gas bubbles in the bloodstream are
harmful and can cause diseases such as decompression
sickness in sea divers. To be used successfully in therapyand diagnosis, bubbles can be formed by either intravenous
injections or driving the gas out of the solution by reducing
the pressure of the gas. In addition, filled bubbles can be
formed by increasing the liquid temperature [4].
Shelled bubbles
It has been proven that an uncoated gas bubble can dissolve
away very quickly. The effective diffusibility of the gas and
the surface tension depend on the specific gas and liquid, as
well as on the presence of any coating material [7]. Apart
from the shell, the temperature, pressure, and the con-
centration of the dissolved gas also affect the diffusibility
of the gas.
The study by Hoff et al [8] has shown that an experi-
mental UCA from Nycomed composed of air bubbles and
encapsulated in a polymer shell has a shell shear modulus
between 10.6 MPa and 12.9 MPa, shell viscosity between
0.39 PaS and 0.49 PaS (the shell thickness was 5% of the
particle radius). The results of that study implied that these
particles are approximately 20 times more rigid than free
air bubbles and that the oscillations are heavily damped.
The study concluded that the shell strongly alters the
acoustic behavior of the bubbles, and the stiffness and
viscosity of the particles are mainly determined by the
encapsulating shell and not by the air inside [8].
How bubbles affect the scatter and attenuation
The two parameters primarily affected by the bubbleecell
interaction are attenuation and scattering. The damping of
bubble oscillation due to surrounding cells, absorption of
the ultrasound by the bubbles, effects of the surrounding
boundaries such as the shell and blood, and scattering of
the incident field are the main causes for the bubbleecell
interaction [9].
Bubbles are extremely strong scatterers of ultrasound
because of their high compressibility and negligible inertia
of the encapsulated gas compared with the surrounding
fluid [4]. This property of bubbles along with the fact that
they have a highly nonlinear behavior makes them a very
effective UCA, enabling them to be used for drug delivery
and diagnosis. For low-concentration bubble suspension,
the linear attenuation and scattering co-efficient can be
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scattering cross section.Bubbles surrounded by blood cells: How hematocrit
affects bubble behavior
Single-contrast agents in vivo are suspended within the
confines of blood vessels, in a fluid containing a high-
volume fraction of cells whose size is comparable with
that of a UCA [9]. Thus, any experiment performed to
design an appropriate UCA and modeling the suspending
medium would need to look at the effect of blood cells on
the motion of UCAs under the influence of acoustic radia-
tion forces [10]. A UCA is typically a gas bubble surrounded
by a protein or lipid shell. The diameter of these UCAs
varies from 1 mm to 5 mm.
The effect of blood on the scattering coefficient is small
because blood cells are filled with liquid rather than gas,
and therefore, most of the scattering is caused by the
UCAs.
In 2004 Stride and Saffari [9] studied the difference in
the behavior shown by UCAs in blood and plasma. The dif-
ference in the attenuation in blood and plasma due to
scattering and absorption by cells is very small. They
studied the interaction between the bubbles and the sur-
rounding fluid, which was either plasma or blood. They
proved that cells surrounding the bubbles have a minimal
effect on their dynamics and that the cells do not change
the attenuation by any significant amount, and hence
proved that the blood surrounding the bubbles can be
modeled as Newtonian [9]. In addition, because blood cells
poorly scatter ultrasound, their effect on incident ultra-
sound field is negligible compared with the effect of other
UCAs [9].Effect of temperature on the behavior of UCA
Most experiments have been carried out at room temper-
atures; however, the effect of temperature on microbubble
behavior has now started to get attention and several re-
searchers have started working on evaluating the effect of
temperature on UCAs. Vos et al [11] investigated the effect
of room temperature and body temperature on the ultra-
sound excitation of bubbles.
SonoVue bubbles are unsuitable to be used as agents for
monitoring hypothermia because a significant alteration of
their diameter was reported by Guiot et al [12] in the
temperature range of 37e43C.
Mulvana et al [13] made an acoustic investigation of a
bulk suspension of SonoVue (Bracco Research, Geneva,
Switzerland) in a water bath at temperatures of 20e45C.
They proved that the attenuation by the UCAs was
significantly increased by temperature between 20C and
40C. There was an increase from 1.7 dB to 2.5 dB. They
also showed an increase in scattering by 2 dB over the
same range of temperatures [13]. The hypothesis for this
change was an increase in bubble diameter and a decrease
in bubble stability due to increased temperatures. A sus-
pension with large bubbles will attenuate the ultrasound
signal more than a suspension with smaller bubbles,thereby increasing the signal attenuation at higher
temperatures.
Effect of temperature on acoustic scattering
Mulvana et al [13] also showed an increase in the scat-
tered signal with increasing pressure, and also with
increasing temperature; for example, at an insonation
pressure of 100 KPa, scattered pressure is increased by
2 dB when the temperature is increased from 20C to
40C. Although the scatter increased with temperature,
they reported a significant reduction in signal over time at
40C. This was accompanied by increased reduction in
bubble diameter, shell crumpling, and higher destruction
over time.
Interaction between microvessels and
microbubbles
Caskey et al [14] observed the microbubble behavior
confined in a small vessel for the first time. They found it
relevant because bubbles were being used for drug delivery
and would pass through arteries and veins to reach the
target site. They concluded that there was a significant
(p < 0.5) reduction in microbubble expansion when con-
strained in a vessel at a peak negative pressure of 0.8 MPa
or 2 MPa [14].
In another study, a theoretical model was made to study
the interaction between UCAs and compliant vessels. Qin
and co-workers [15] demonstrated that the maximum
bubble expansion is substantially reduced in the 200-mm
vessel as compared with bubbles in an infinite liquid. Qin
et al also proved that as the vasculature becomes more
rigid, UCA oscillation decreases.
Objective of this study
Ultrasound Doppler studies have long been used for quan-
tifying blood flow velocity, and microbubble contrast
agents can be used to amplify the Doppler signal. The
bubbles’ highly nonlinear response to ultrasound can,
however, affect measurement accuracy and this has
limited their application. It is frequently desirable to
evaluate other quantities such as relative vascular volume,
flow velocity, and perfusion rate, and microbubbles have
also shown considerable potential in this regard. Reliable
quantitative imaging protocols, however, require the rela-
tionship between the response of the microbubble popu-
lation and the received ultrasound signal to be fully
characterized. The complexity of this relationship
currently poses a significant barrier to the development of
clinically useful techniques. The aim of this study is to
investigate one aspect of this relationship, that is, the in-
fluence of the interaction between microbubbles and blood
cells on the microbubbles’ dynamic response to ultrasound.
The first part of the work involved developing an existing
model for microbubble dynamics to include the effects of
different hematocrit levels (cell volume concentrations).
The second part of the work involved designing and
executing suitable experiments to test the model
predictions.
Fig. 2 Phantom holders with a vessel diameter of (a) 4 mm,
(b) 5 mm, and (c) 10 mm.
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Apparatus
The apparatus used and the phantom holders are shown in
Figs. 1 and 2, respectively. The phantom holder containing
the test medium was placed in between the transducer and
the hydrophone. A 3.5-MHz focused transducer with a focal
length of 0.02 m (0.83 in) was used. The hydrophone used
was a needle hydrophone having a 40-mm probe (Precision
Acoustics). The hydrophone was attached to a preamplifier
for signal amplification. The phantom holder was used for
the first two parts of the experiment while varying the
temperature, and the hematocrit was a rectangular box
having acoustically transparent walls with a width of
approximately 1.8 cm. They were selected in such a way
that the walls of the holder did not interfere with the ul-
trasound. The phantom holders had a cylindrical structure
with a metal rod running through the middle portion. The
vessel diameters were 200 mm, 4 mm, 5 mm, and 10 mm.
Agarose gel was poured into these cylinders and the metal
rod was pulled out to give a vessel-like structure running
through the agar gel. A very fine capillary-like tube was
used for the vessel diameter of 200 mm. The entire exper-
imental setup was immersed in a water bath containing
deionized water. While varying the hematocrit and the
vessel diameter, the apparatus was kept at room temper-
ature, as generally variations in temperature change the
way bubbles behave in a particular environment. The
bubbles used were coated with a lipid shell acquired from
Avanti Polar Lipids and they had a concentration of
approximately 107 microbubbles/mL. Approximately 15 mg
of L-a-phosphatidylcholine was taken in a plastic vial rinsed
with surgical spirits followed by an addition of 15 mL
deionized water. This was then sonicated (power setting: 4)
by holding the probe in the solution for 15 seconds followed
by surface sonication, by holding the probe at the aire-
water interface, for 15 seconds. The sonicator used was aFig. 1 Phantom holder placed between the transducer and
the hydrophone.Labcaire cell disruptor. The solution was then vigorously
shaken by hand for another 30 seconds.
For varying the temperature, Grant GD100 heating coil
was used. Porcine blood was used in the experiments. The
hematocrit was varied by centrifuging the blood at 2500
relative centrifugal force for 10 minutes.
The transducer was activated using a pulser/receiver
(DPR300; JSR Ultrasonics, Pittsford, NY 14534, USA). The
output of the transducer was measured using the 1333 hy-
drophone (Precision Acoustics, Higher Bockhampton, Dor-
chester, Dorset DT2 8QH, UK) having a sensitivity of 5.6 mv/
MPa. The signals from the transducer and hydrophone were
recorded on the LeCroy (Teledyne LeCroy, 700 Chestnut
Ridge Road, Chestnut Ridge, NY 10977-6499) 62Xi 600-MHz
oscilloscope. The pulser/receiver was set to have an
amplitude of 5, a pulse repetition frequency (PRF) of 5, and
a damping level of 1.
Procedure
The experiment was divided into three parts, namely,
variation of temperature, variation of hematocrit, and
variation of vessel diameter. For each part, a reference
experiment was carried out with water and water with
bubbles and then carried out with blood and blood with
bubbles for comparison of results except for variation of
hematocrit where plasma (i.e., 0% hematocrit) was used as
a reference. On each day, the transducer and hydrophone
were focused using the oscilloscope readings.
The focal length of the transducer was 0.02 m (0.83 in).
The pulse echo time was calculated using the following
formula:
tZ 2  d=c
where d is the focal length and c is the speed of sound in
water. The pulse echo time calculated using the afore-
mentioned equation was 27.67 ms and the time for the ul-
trasound to reach the hydrophone was exactly its half (i.e.,
13.83 ms). Once the transducer and hydrophone were
mounted in the water tank, their positions were adjusted
using a vernier caliper fixed to give a movement in all three
Table 1 Experimental values of attenuation and backscatter of bubbles in blood at different temperatures.
Parameter (experimental value)
for blood with bubbles
Room temperature 37C 40C
Mean SD Mean SD Mean SD
Attenuation (dB/cm) 5 0.33 9.45 0.38 8.97 0.46
Backscatter
coefficient (m1/sr)
9  1019 4.6  1018 5.3  1018 0.36  1018 5.2  1016 3.78  1018
SD Z standard deviation.
Fig. 3 Attenuation versus temperature plots for all four
samples. Error bars indicate experimental uncertainty.
Influence of Physiological Environment on Ultrasound Imaging 13directions. First, the distance between the hydrophone was
adjusted so that the pulse echo was observed exactly at
27.67 ms. After this, the vertical and sideway positions were
changed until a maximum peak was observed on the oscil-
loscope to ensure that the hydrophone is exactly at the
focus of the transducers. Once the hydrophone was
focused, it was shifted backward using the vernier caliper,
and the phantom holder was placed in between the trans-
ducer and the hydrophone. At all times during the experi-
ments, Channel 1 of the oscilloscope was connected to the
transducer and Channel 2 was connected to the hydro-
phone. The oscilloscope was set to have a direct current
coupling of 50 Hz and averaging of five sweeps. The pulser/
receiver transmitter was set to have a pulse amplitude of 5
and a PRF of 5.
Formulae used
The two parameters calculated using the data were
attenuation and backscatter. The attenuation was calcu-
lated using the following formula:
aZ
20ln

Vref=V

D
where a represents the attenuation coefficient in dB/cm;
Vref is the reference voltage; V is the experimental voltage;
and D is the width of the sample holder.
The backscatter coefficient (BSC) was calculated using
the formula from a previous study [4] as follows:
BSCðwÞZcðwÞVsðwÞV

s ðwÞ
Ar
L2

Iivi
where c is the ratio of acoustic power to electrical power;
Vs(w) is the voltage at w Z 3.5 MHz; Ar is the aperture of
the transducer; L is the focal length of the transducer; Ii is
the intensity at the focus; and vi is the inspected volume of
the sample holder. At L, peak pressure is observed in the
middle and this reduces as we go away from the center. The
two equidistant points where the pressure is half the
maximum are taken, and the distance is taken as the radius
of inspection, which was calculated as 0.197 mm at L and
4.498 mm at 2L. The transverse beam profile is integrated
over the 3-dB beam width to give I at L, and the acoustic
power was calculated by integrating over the 3-dB beam
width at 2L. The electrical power is calculated using the
root-mean-square voltage value of the reflected signal. The
c(w) value was thus calculated.Results
Effect of temperature
Table 1 shows the significant results for different temper-
atures of the attenuation and backscatter. Figs. 3 and 4
show the experimental values of attenuation coefficient
and the BSC, respectively. Increase in temperature causes
increase in attenuation in each sample containing bubbles.
In the sample with blood and bubbles, it increases from 5
(0.33) at room temperature to 9.45 (0.38) at 37C. It
reduces a little at 40C. For the sample containing blood
and bubbles, the BSC increases from 9  1019 m1/sr
(4.6  1018) at room temperature to 5.3  1018 m1/sr
(3.6  1017) at 37C and 5.2  1016 m1/sr
(3.78  1018) at 40C.
Effect of hematocrit
Table 2 shows the significant results for attenuation and
backscatter with different hematocrit. Figs. 5 and 6
show all the results. Attenuation increases in blood
and also in blood with bubbles as the hematocrit level is
increased suggesting that the blood cells surrounding
the bubbles have some effect on its behavior. The
attenuation increases in the sample containing blood
with bubbles from 3.47 dB/cm (0.39) at 0% hematocrit
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Fig. 4 Backscatter coefficient versus temperature for all
four samples. Error bars indicate experimental uncertainty.
14 I. Guptato 5 dB/cm (0.31) at 40% hematocrit, 5.92 dB/cm
(0.5) at 46% hematocrit, and 10.05 dB/cm (0.28) at
54% hematocrit.
The backscatter does not change significantly with
changes in hematocrit levels. It decreases slightly in the
sample containing blood with bubbles from
7.09  1017 m1/sr (4.81  1018) in the plasma to
5.6  1017 m1/sr (4.83  1018) at 40% hematocrit. It
then remains fairly constant even if the hematocrit level
is increased. This is in accordance with the results of
previous studies in which the blood surrounding the bub-
bles did not have any significant effect on the bubble
behavior.
Effect of vessel
Table 3 shows significant results for different vessel di-
ameters of attenuation and backscatter. The experimental
results in the sample containing blood and 0.8 mL of lipid
bubbles are shown in Figs. 7 and 8.
As can be seen, the attenuation values are much higher
as compared with the other two sections. This can be due
to the effect of vessels or confining the bubbles in a limited
diameter. This can also be due to the agar gel in the
phantom, which could cause higher attenuation. Highest
attenuation [nearly 35 dB/cm (5)] is seen in the 200-mm
vessel containing a sample with blood and bubbles. This has
not been shown in the figure, because this value is too high
as compared with other vessel diameters. In the sample
containing blood and bubbles, the attenuation increases
from 0.84 dB/cm (0.43) in the 4-mm vessel to 8.96 dB/cm
(0.38) in the 5-mm vessel and then reduces to 6.12 dB/cm
(36) in the 10-mm vessel. These results clearly suggest
that as the vessel diameter increases, the additional
attenuation caused by bubbles decreases. The attenuation
is maximum in the 200-mm vessel and is least in the 10-mm
diameter vessel. The backscatter for the sample containing
blood and bubbles increases from 2.5  1019 m1/sr
(2.8  1020) in the 200-mm vessel to 5.07  1017 m1/sr
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Fig. 5 Attenuation versus hematocrit. Error bars indicate
experimental uncertainty.
Influence of Physiological Environment on Ultrasound Imaging 15(3.9  1018) in the 4-mm vessel to 5.99  1017 m1/sr
(3  1018) in the 5-mm vessel and finally reaches its
maximum value in the 10-mm vessel of 9.3  1017 m1/sr
(3.78  1018). It clearly indicates that as the vessel
diameter increases, the backscatter increases.
It is evident from the figure that as the vessel diameter
increases, attenuation decreases and the backscatter
increases.sc
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7Discussion
Increase in temperature causes an increase in attenuation
in each sample containing bubbles. This is in accordance
with previous studies where increase in temperature in-
creases the bubble radius and therefore bigger bubbles
cause higher attenuation at higher temperatures. Blood
sample and the sample with blood and 0.8-mL bubbles have
almost the same value of backscatter with a slight increase
with increase in temperature. This might be due toT
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Fig. 6 Backscatter coefficient versus hematocrit. Error bars
indicate experimental uncertainty.
Fig. 7 Attenuation versus vessel diameter for all four sam-
ples. Error bars indicate experimental uncertainty.
16 I. Guptadissolution of bubbles at higher temperatures, which nul-
lifies the effect of bubbles on the backscatter. Backscatter
increases with temperature. The values increase slightly
with changes in temperature as the bubbles increase in
diameter, scattering more signal back and eventually dis-
solving due to instability at higher temperatures; therefore,
the backscattered signal is not set too high, but is rather
reduced as time progresses. The dissolution of bubbles and
nullification of the effect of bubbles in increasing the
backscatter are more prominent in blood than in water.
The experimental backscatter is much lower than ex-
pected according to the theoretical calculations. This can
again be attributed to loss of signal due to environment and
factors which have not been included in the theoretical
model. In addition, there are a lot of parameters that
affect this calculation and only approximate values have
been taken while calculating the experimental results.
Actual parameters might vary much more than taken.Fig. 8 Backscatter coefficient versus vessel diameter for all
four samples. Error bars indicate experimental uncertainty.An increase in attenuation is observed as the hematocrit
level is increased. The values of the BSC do not change
much with change in hematocrit levels. This is what was
observed by Stride and Saffari [9]. They also concluded that
because blood poorly scatters ultrasound, backscatter
mainly depends on the microbubbles and does not change
even if blood surrounding the bubbles changes in terms of
hematocrit levels. The experimental attenuation is much
higher than the theoretical one, and the experimental
backscatter is much lower than the theoretical one. This
can be attributed to the signal loss due to the practical
setup and environmental losses, which are not accounted
for in the theoretical model.
The attenuation is maximum in the 200-mm vessel and is
least in the 10-mm diameter vessel. In addition, it can be
seen that for samples containing only water or blood,
attenuation remains nearly constant with variation in
diameter. This means that the vessel diameter has an ef-
fect on the bubble behavior only and affects its properties.
A smaller vessel will cause the bubbles to be more closely
packed and hence lead to higher bubbleebubble interac-
tion thereby causing higher attenuation. This increased
backscatter can also be due to the vessel wall scattering
more ultrasound or the agar gel in the phantom causing
higher backscatter.
In conclusion, the experiment was successful in helping to
understand the effect of all the three physiological param-
eters. The experimental uncertainty is within 10% of the
mean values, and therefore the accuracy of this experiment
was adequate for investigations. It has been re-established
that as temperature increases from room temperature to
body temperature, considerable signal is lost, and attenua-
tion and backscatter increase with temperature. It is
therefore necessary to carry out any experiment on UCAs
under body temperatures and not at room temperatures as
the bubble behavior changes significantly with temperature.
Blood cells surrounding the bubbles do alter the attenuation;
however, they do not have any effect on the backscatter by
the bubbles. This is different from previous studies and
future work must be done to validate these results in a more
sophisticated experimental setup. Future work should be
carried out to validate the effect of hematocrit, taking into
consideration all parameters other than viscosity and density
of blood, which have been considered here to account for
hematocrit variation. A higher hematocrit will affect the
bubbleeblood interaction and the red blood cells might
inhibit free expansion of bubbles and a higher density of
blood can damage the bubbles. The surface tension and
viscosity of the shell might also change with the increase in
blood viscosity and density. Confinement of bubbles in small
vessels affects both attenuation and backscatter. A larger
vessel gives lower attenuation but a higher backscatter.
Hence, while designing experiments, care must be taken
about choosing the vessels in the body through which the
bubble will travel and the parameters must be measured
accordingly. In addition, a theoretical model taking into
account the effect of a vessel on microbubble behavior must
be developed. The theoreticalmodel considers bubbles to be
surrounded by an infinite Newtonian fluid. Considering the
effect of blood, non-Newtonian fluid should also be consid-
ered in the theoretical modeling. The effect of bubbles on
the vessels is another very important factor for the safe
Influence of Physiological Environment on Ultrasound Imaging 17usage of bubbles in the body, and more work on this effect
needs to be carried out. Effect of time has not been
considered in this experiment. How the bubble behavior
changes over time under given physiological conditions and
whether instantaneous recordings of attenuation and back-
scatter are relevant even as time elapses must be looked
into. It has earlier been reported that at body temperatures,
as time passes, bubbles get destroyed. This effect must also
be included in the model and care must be taken about the
time taken to make the readings. Overall, a more robust
model taking into account various parameters that change
with physiological conditions must be developed to bridge
the gap between theoretical and experimental findings.
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